Spiraea crenata was categorised as a species extinct from Hungary at the end of the 20 th century. This stepperelic species was rediscovered in 2000 in a rural graveyard (Pusztamonostor). As a result of our recent survey of 294 Pannonian graveyards, we found further 12 localities of S. crenata. We also found 27 populations of further protected plant species, mainly with pontic, pontic-pannonian, Eurasian or continental distribution. We found that the total scrub cover of graveyards with S. crenata was significantly higher than graveyards without this species; this is obviously related to the fact that the individuals of S. crenata were found mostly in edges of the graveyards, where they could survive mowing among high and dense scrubs or small trees. Other factors (geographic position, altitude above sea level, area of graveyards, proportion of grasslands, and proportion of territory covered by graves) were not related to the presence of the species. The total number of other protected species was significantly higher in graveyards with S. crenata. Most of the sites with S. crenata functioned as graveyards during the 2 nd Military Survey of the Austrian Empire (1806-1869; 10 out of 13 sites), and the 3 rd Military Survey (1869-1887; 12 of 13 sites). The long usage history of these graveyards suggests that the S. crenata individuals -along with other remarkable species -might be remnants of the original steppe vegetation rather than the result of plantations for ornamental purposes. Our results highlight the role of graveyards in the preservation of steppe flora, one of the most endangered component of the European flora.
Introduction
Spiraea crenata L. (scalloped spirea, syn.: S. crenifolia C. A. Meyer, S. sawranica Bess.) is a medium height (0.5-1 m), deciduous shrub. It is mainly distributed throughout the western and central Eurasian steppe zone; its native range extends from Southeast Europe to the Caucasus and Altai Mountains (Kurtto et al. 2004 , Fig. 1.) . The area of S. crenata, however, is discontinuous especially on the western part; the westernmost locations of the plant are in Spain, where a distinct endemic taxon [subsp. parvifolia (Pau) Romo] was described (Gamarra & González 1997) . Based on the map of Kurtto et al. (2004) , the westernmost known sites of Spiraea crenata subsp. crenata were the former (extinct) Hungarian occurrences (Fig. 1.) .
Localities in Central and Southeastern Europe are very few-the species is known only in Romania (Sârbu et al. 2013) , Slovakia (Holub 1999) , Ukraine (Dobrochaeva 1954) , Bulgaria (Vladimirov 2014) , Kosovo (Josifović 1972) , and Hungary . The plant was found in a few locations in the southeastern parts of its area: in Iran (Schönbeck-Temesy 1969) and Turkey (Davis et al. 1965) . The species was considered extinct in Bulgaria (Peev & Vladimirov 2011) , but a new site was found in 2012 (Vladimirov et al. 2014 ). The species is protected by law in Hungary (Király 2007) and in Slovakia (Eliáš et al. 2015) .
The occurrence of rare Spiraea crenata in graveyards Spiraea crenata was categorised as extinct in Hungary (Németh 1989; Bartha 1989 Bartha , 1996 Bartha , 1999 Bartha & Nagy 2004; Kurtto 2009 ). Based on historical data (Kitaibel in Gombocz 1945; Janka 1866; Vrabélyi 1868; Kerner 1869) , S. crenata was obviously a native element of the Pannonian flora, but nowadays it is practically absent from preserved natural steppe habitats in Hungary. In 2000, Udvardy (2004) found one specimen in the graveyard of the village Pusztamonostor. Three years later, two more polycormons were found in the same location , together with several rare and valuable steppe species (Amygdalus nana L., Vinca herbacea Waldst. & Kit. and Allium rotundum L.). These individuals were considered the last three polycormons of a nearly extinct species in Hungary.
The Pannonian Plain, located in Central Europe in the arc of the Carpathians with Hungary in its centre, is the westernmost part of the Eurasian steppe zone (Bohn et al. 2003) . Although today it is characterised by agricultural lands with large areas of arable fields, there is paleontological evidence of a significant steppe biota during the Holocene (Magyari et al. 2010; Németh et al. 2016 ). Furthermore, a meta-analysis of the phylogeographic patterns of steppe plants and animals in Central-Eastern Europe found evidence of longterm survival of steppe organisms with specific linages developed locally (Kajtoch et al. 2016 ). Therefore, despite the profound transformation of steppe flora and fauna in the Pannonian Plain (Molnár et al. 2012) , the remaining steppe biota includes unique lineages and deserves high conservation attention and botanical research activity.
Graveyards can be refuges for different kinds of organisms worldwide (Barrett & Barrett 2001; Laske 1994) . They can play significant role in conserving plant species, even for centuries (McBarron et al. 1988 ). Burial places are appropriate for tallgrass prairie remnants in North America (Could 1941) , and they can be suitable for orchids in Eurasia (Löki et al. 2015; Molnár V. et al. 2017a ). These territories are mostly undisturbed, sacred areas where the land is exempted from the vast majority of land transformation activities. Although their importance is now recognised, our knowledge about the conservation values of graveyards is incomplete. The importance of graveyards in conserving steppe plants and animal species is getting more important due to drastic changes of the natural landscapes worldwide (Barrett & Barrett 2001 ).
On 5 May 2015, during a botanical survey of Pannonian graveyards, two of the authors of this paper found a specimen of Spiraea crenata in the graveyard of Tiszaszentimre-Újszentgyörgy (Eastern Hungary). Since this was the second modern recording of the species in a Hungarian graveyard, we performed a systematic search of the species in graveyards within its former distribution area in the Pannonian Ecoregion and some neighbouring areas. Two hypotheses were formulated. 1. Ancient graveyards established at the time when the species was more widespread can serve as refuges for Spiraea crenata. 2. Graveyards with S. crenata harbour higher number of valuable plant species than burial grounds without S. crenata.
Material and methods
We evaluated 294 graveyards between June 2015 and May 2016 (See supplementary data Table S1 ). We focused our research on lowland areas in the Pannonian Ecoregion, especially in the regions where previous historical occurrences of Spiraea crenata were reported. In Slovakia, we surveyed four graveyards around the single previously known location [Svätuše (formerly Plešany), Trebišov District] (Holub 1999) . In Romania, we investigated the graveyard at Tureni (approximately 1 km away from known natural occurrence of the species), and four other graveyards near the Hungarian border. We devoted most of our attention to Hungary, where we surveyed 3-64 (mean ± SD = 31.7 ± 23.5) graveyards in the counties studied. We made a detailed survey in each graveyard to detect all vascular plant species of conservation interest with a special focus on Spiraea crenata. All plant species protected by Hungarian law were documented by counting or estimating the number of individuals. The geo-coordinates and the altitude of these graveyards were determined by a Garmin E-Trex Legend GPS handheld device using the WGS84 format. The nomenclature of plants follows Király (2009); authors of plant names are listed in Table 2 .
Since historical maps proved to be useful to detect longterm land cover changes (Skaloš et al. 2011) , we checked the status of graveyards with Spiraea crenata by using the digitized map sheets of the 2 nd and 3 rd Military Survey of the Austrian Empire (made between 1806-1869, and 1869-1887, respectively) (Web1, Web2).
To examine which variables can predict the occurrence of Spiraea crenata, we measured the total area of graveyards, area covered by graves, area of scrubby habitats (including forests on the abandoned parts), and area of grasslands, using Google Earth Pro software. We statistically compared the characteristics (latitude, longitude, altitude, total area, area covered by graves, area of scrubby habitats and area of grasslands) of graveyards with and without S. crenata us- ing Kruskal-Wallis tests (since none of these variables were normally distributed).
Results
We confirmed the previous known occurrence of Spiraea crenata in the graveyard of Pusztamonostor. The species was found in 12 additional graveyards (Table 1) . Newly found sites are in four counties [Hajdú-Bihar (2), Jász-Nagykun Szolnok (5), Pest (1) and Szabolcs-Szatmár-Bereg (4)] in central and eastern Hungary (Fig. 2) . 1-4 polycormons were found in each graveyard, totalling 24 individuals. (Table 1) .
Individuals of Spiraea crenata were typically found at the edge of graveyards (Fig. 3A, D, E) , often under trees (Fig. 3A) or among other shrubs e.g. lilac (Syringa vulgaris L., Fig. 3B ) or blackthorn (Prunus spinosa L., Fig. 3D ). The shrub flowered more richly in sunny, open habitats (Fig. 3C ). However, some individuals in open habitats (like in Jászfényszaru and Tetétlen) were dam-aged by mowing. Some individuals (in Dabas, Hajdúszoboszló, Nyírmada and Jászfényszaru) formed large (several m 2 in area) polycormons.
Geographic location, altitude, area of the graveyards, together with lists of protected plant species found in each one, are given in supplementary data (Table S1 ). At least one more protected plant species occurred in 69% of graveyards that hosted Spiraea crenata. We found at least one more protected species in 112 (38%) graveyards (Fig. 4) . In total, 28 protected plant species were found (Table 2) . Substantial differences could be observed in frequency, abundancee and distribution pattern of protected plant species. Each species was found in 1-56 graveyards (mean ± SD = 7 ± 11.5). The number of protected plant species detected in only one graveyard was 12. The highest number of protected species in a given graveyard was 7, but in 75 graveyards (25 %) only one taxon occurred. Graveyards that were habitats for 5 or more protected plants were extremely rare (4-1.3 %) (Fig. 5) . We recorded a range of 1-50,000 individuals of protected species in graveyards. In the case of Lathyrus lacteus only a single individual was found; in the case of 8 plant species, more than 1,000 individuals were found. Graveyards harboured more species with Pontic-Pannonian, Pontic, or Pontic-Mediterranean distribution (altogether 11 species) than continental (4 species), and Eurasian and Pannonian (2-2 species) plants (Table 2, Fig 6) . Based on the number of recorded individuals of protected plants, and the monetary value de-clared by Hungarian law, the total conservation value of the individuals found in graveyards is approximately 1,540,000 Euros.
Graveyards where Spiraea crenata was present had significantly higher scrub cover (Kruskal-Wallis ranksum test, χ 2 = 6.39, P = 0.011, Fig. 7A ), but graveyards with and without S. crenata did not differ in area (χ 2 = 1.31, P = 0.25), in area covered by graves (χ 2 = 0.57, P = 0.45) or in grassland cover (χ 2 = 1.69, P = 0.19). Furthermore, there was no significant difference in the location of graveyards with and without S. crenata (latitude: χ 2 = 0.95, P = 0.33; longitude: χ 2 = 0.11, P = 0.74; altitude: χ 2 = 0.13, P = 0.71).
The number of other protected species in graveyards with Spiraea crenata was significantly higher than in graveyards without the species (Fig. 7B ; Kruskal-Wallis rank-sum test, χ 2 = 8.29, P = 0.004).
Discussion
Valuable populations of rare and protected plant species were recorded in graveyards of the Pannonian Ecoregion, including a dozen previously unknown locations of the rare steppe shrub species, Spiraea crenata. These unexpected occurrences of the shrub in this kind of anthropogenically influenced habitat may raise the question of autochthony. The two most likely explanations for recent occurrences of the species are: i) human introduction by intentional planting for ornamental purposes or ii) survival of a few plants of former spontaneous populations. Though the prior use of the shrub as an ornamental species cannot be ruled out, we consider some factors which strengthen the proposition that at least some individuals represent last remnants of the original steppe vegetation.
First, we found several other valuable (mainly Pontic-Pannonian) species in the surveyed graveyards, including some species of quite small size or with short blooming periods (e.g. Taraxacum serotinum (Waldst. et Kit.) Poir, Thlaspi jankae A. Kern., Sternbergia colchiciflora Waldst. & Kit.); the planting by rural people of these 'inconspicuous' species for ornamental purposes is highly improbable.
Second, graveyards containing Spiraea crenata hosted significantly more other protected plants than graveyards without the shrub. The survival of these species with a habitat preference similar to S. crenata can be a parallel survival together with the latter species.
Third, 10 and 12 (77% and 92%, respectively) of graveyards harbouring Spiraea crenata have been continuously used as burial places at least since the 19 th century, as recorded during the 2 nd and 3 rd Military Surveys of the Austrian Empire, respectively (Table 3) . We believe that the chance for survival of the original vegetation is higher in long-established graveyards. The land use was less intensive in the 18 th -19 th centuries than today (Molnár et al. 2012) , and in this period several S. crenata populations were known in Hungary. Graveyards, established before the 19 th century have been continuously free of agricultural use; thus these graveyards could preserve elements of the original vegetation. In comparison, graveyards without Spiraea crenata used as burial places during the 2 nd and 3 rd Military Surveys constitute a smaller subset (60% and 75%) in our survey.
Fourth, traditional sustainable land use in Hungarian graveyards lasting for centuries can be outlined based on the comprehensive ethnographic work of Balassa (1989) . Even in the near past, Hungarians used to separate graveyards into three parts with different utilisation. The first part was unused (reserve) areas. The biggest part was the actual burial ground that slowly transformed into the third part, where older graves were present and the land was more natural than recently used parts of the graveyard; the trees and bushes were suppressed, and the grass-covered graves got flatter. Only some old gravestones remind us that this part was used as a graveyard long ago. These parts traditionally were often used for grazing and mowing; and local residents considered them part of the natural landscape. A natural cycle of usage of these three parts continuously provided territories in traditionally managed graveyards that could serve as habitats for native flora and fauna.
Fifth, ornamental plant cult in Hungarian rural communities appeared only at the end of the 19 th and the beginning of the 20 th centuries (Rapaics 1932). Before that time, planting ornamental plants in graveyards was not practised (Balassa 1989) . Calvinist graveyards were especially puritan (without any planted ornamental plants) before the Second World War (Balassa 1989) and Calvinism was widespread in the Hungarian part of the Pannonian Plain.
Additionally, occurrences of Spiraea crenata in graveyards are also documented in the centre of its distribution area. Fig. S1 ). Steppe habitats are generally threatened by agricultural use, notably ploughing. Some patches of dry grassland vegetation -especially in the western region of the steppe zone -remain in small, fragmented habitat spots like kurgans (Moysienko & Sudnik-Wójcikowska 2009; Deák et al. 2016a,b) , earthworks, and roadside verges (Zólyomi 1969) , which are equally unsuitable for agricultural use as arable fields. Graveyards as refuges of steppe vegetation patches have not been in the focus of researchers' attention, but our data demonstrate that old graveyards harbour a number of steppe plant species. Graveyards (just as kurgans) are more stable habitats than e.g. roadside verges and field margins thus they have a very important conservational role. Our results re-ported here and elsewhere (Löki et al. 2015; Molnár V. et al. 2017a; Molnár V. et al. 2017b ) also suggest that graveyards -similarly to other urban or semi-urban habitats (cf. Araújo 2003; Smith et al. 2006; Kantsa et al. 2013 ) -may harbour and preserve valuable endangered organisms.
Finally, steppe habitats and biota are amongst the most threatened ones within Europe (Török et al. 2016) as anthropogenic influence started to adversely impact them during the prehistoric era (Molnár et al. 2012; Németh et al. 2016) . During this long period, the westernmost part of the steppes has been greatly reduced, both in size and in species diversity. The phylogeographic patterns of the surviving species, however, tell about a long evolutionary history of these species in the Central-Eastern European region (Kajtoch et al. 2016) . Therefore, preservation of our natural steppe heritage also preserves these unique westernmost lineages that now thrive in semi-natural, anthropogenic habitats in an extremely anthropogenic landscape. The long-term survival of these relicts is highly dependent on a traditional or well-planned management of these semi-natural, anthropogenic habitats.
Implications for management
Finding further populations of Spiraea crenata in Pannonian graveyards is probable. Thematic research should be focused on old, neglected (seemingly 'messy') rural graveyards where the area is substantially covered by scrubs. Local authorities (nature conservation agencies, council or church) maintaining the graveyards and nature conservation agencies should be informed to secure the survival of S. crenata individuals in the case of newly found populations. Every management activity (especially electric mowing and shrub control), should be applied with caution in the habitats of S. crenata.
